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A B S T R A C T   
The COVID-19 pandemic has induced a process of digital acceleration and has likely changed the attitudes of 
local public managers toward information and communication technology (ICT). While this attitude change has 
been reasonably argued, it has not been systematically measured. This study narrows this gap by measuring the 
attitudes of public managers before and after the outbreak of the COVID-19 pandemic. Overall, this study finds 
that the pandemic has led public managers to be more confident in the capacity of ICT to help cities achieve their 
economic, social, and environmental goals and respond to challenges. Both explicit and implicit measures 
confirmed attitude changes. The explicit measures also indicated that the change in public managers’ attitude 
toward ICT was similar to their change in attitude toward scientific progress and greater than their change in 
attitude toward other issues that have played a major role during the pandemic, namely, climate change, citizen 
participation, and privacy.   
1. Introduction 
The pandemic generated by the SARS-CoV-2 coronavirus (COVID- 
19) has dramatically changed people’s lives and possibly their minds 
[1–3]. Central to this change has been the digital acceleration that has 
occurred during the pandemic [4–6]. This has involved effort and dif-
ficulties, but it has allowed us to maintain our activity and social re-
lationships while facing the spread of the virus and staying apart to save 
lives [1,7–9]. 
The experience of the pandemic has likely changed people’s assess-
ment of information and communication technology (ICT) and its ca-
pacity to respond to the economic, social, and environmental challenges 
of modern societies [10]. This change in attitude, if any, should be 
favorable and may lead to the maintenance or acceleration of digital 
transformation in the future [11,12]. However, as reasonably expected, 
this positive shift in attitudes has yet to be systematically measured. 
People’s minds are complex, and the pandemic has had a significant 
effect. This unprecedented, naturalistic event has aroused interest in the 
possible causes of the pandemic and how we have responded to it. This 
has highlighted the possibly insufficient amount of attention modern 
societies have paid to scientific progress [13], climate change [14], the 
role of citizens in public life and public decisions [15], and the indi-
vidual rights of people [16]. While we can expect people to have 
developed a more favorable attitude toward ICT, we do not know if 
attitude change has actually occurred or, if it has, if the change is larger 
or smaller than the change in attitudes toward science, climate, citizen 
participation, and privacy. This study narrows this research gap. 
This study was informed by the perceptions of public managers 
involved in smart city initiatives in municipalities in Spain. This 
research context was chosen for a variety of reasons. Firstly, many 
Spanish cities and towns were in the midst of implementing smart city 
initiatives when the COVID-19 pandemic began, which helped them to 
respond to the pandemic [6]. This study was informed by the percep-
tions of public managers involved in smart city initiatives, in munici-
palities, in Spain. Secondly, the pandemic generated an unprecedented 
digital acceleration in municipalities, drastically modifying public 
employee-government and citizen-government relations to make them 
essentially virtual [6,11]; Agostino, Arnaboldi & Diaz Lema, 2021). 
Thirdly, public managers will participate in future decision-making in 
local governments and in the establishment of priorities for the use of 
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public resources. They could, therefore, contribute significantly to the 
digital transformation of cities. Lastly, we incidentally studied the atti-
tudes of public managers toward digital transformation immediately 
before the pandemic, which gave us an opportunity to compare pre- and 
post-COVID-19 outbreak attitudes. This prudently implies that our 
research may capture the causal effect of the pandemic on attitudes. 
Specifically, this research aims to respond to the following research 
questions: 
RQ1. Has the pandemic led to a more favorable attitude of public 
managers towards ICT? 
RQ2. Is the degree of change in attitudes toward ICT greater or lower 
than the degree of change in attitudes toward other issues that have 
played a major role during the pandemic? Specifically, science, climate 
change, citizen participation, and privacy. 
RQ3. This research measures attitude change explicitly and implic-
itly. Is there a relationship between implicit and explicit measures of 
attitude change? 
The response to these research questions matters, as previous 
research suggests that many public managers have usually considered 
technology as having secondary importance. While recognizing the in-
fluence of ICT on efficiency, some public managers seem to be less 
confident in the capacity of digital technologies to respond to major 
societal challenges of cities [17,18]. 
This research has theoretical and managerial implications. On a 
theoretical level, it contributes to the literature on ICT by providing 
systematic evidence of the effect of the pandemic on the salience that 
public managers grant ICT in relation to other issues that have also 
played a major role during the pandemic. It also contributes to theories 
about attitudes by adding evidence to the scarce literature on the effect 
of naturalistic events on attitudes and the links between explicit and 
implicit measures of attitude change. On a managerial level, our findings 
are indicative of whether local public managers are willing to maintain 
or reinforce their digital efforts in the near future, which could be 
important in explaining the digital transformation of cities in the coming 
years. 
The remainder of the paper is structured as follows. Section 2 pre-
sents the theoretical background of this research. Section 3 describes the 
research method. Section 4 presents our findings. The final section 
provides a discussion of the findings, implications for research and 
practice, and avenues for further research. 
2. Theoretical background 
2.1. Smart cities and digital transformation: a contextual perspective 
This study focused on the attitude change of public managers toward 
ICT in the context of digital transformation in which smart city initia-
tives were being implemented. The related (although different) concepts 
of ICT, smart cities and digital transformation are discussed below. 
Overall, we argue that, in our research context, a holistic view of both 
smart cities and digital transformation prevails, leading us to consider 
attitude changes toward other issues that are inherent to these concepts 
and have played a major role during the pandemic: science, climate 
change, citizen participation and privacy. 
Our study participants were public managers who had actively 
participated in smart city initiatives in different municipalities in Spain. 
Spain is no newcomer to smart city initiatives. Cities like Barcelona and 
Santander have led this change, and many cities have followed suit [19]. 
This is important, as the response of governments to the pandemic has 
been strongly based on their previous efforts in this area [6]. Spain is, 
therefore, an appropriate setting in which to address our research 
questions. Our contribution is timely, as many municipalities in Spain 
have engaged in smart city innovation in recent years. 
ICT broadly refers to a diverse set of technological tools and re-
sources used to transmit, store, create, share, or exchange information 
[20]. ICT has had a major role in urban innovation [21]. However, urban 
studies paid little attention to the link between ICT and urban innova-
tion until the late 1990s, when some influential works were published 
[21–23]. Since then, a great deal of research has explored this link [24]. 
Simultaneously, cities all over the world have begun to implement ICT to 
support urban innovation and sustainability by fostering innovation 
projects and initiatives [24]. This movement has been favored by the 
proliferation of technological innovations in the ICT sector, which have 
opened up new possibilities to address cities’ goals and challenges [25, 
26]. 
While different labels have been used to refer to this movement (e.g., 
digital cities, intelligent cities), the term “smart cities” is the most 
commonly used. Mora, Deakin and Reid (2019, p. 56) conducted a 
bibliometric study of smart city literature and concluded that there is 
“little agreement about what a smart city is and what needs to be done in 
order to make a city smart.” According to them, smart city views are 
divided into those that focus on technology and those that adopt a 
human-centric, people-driven, holistic perspective. The technological 
perspective conceives of smart cities as a massive use of technological 
solutions (mostly ICT-related solutions) in the urban environment. It has 
been argued that this approach can produce tensions related to sus-
tainability, privacy and democracy, and may be inattentive to the local 
diversity and socio-political dimensions of cities [27]. 
The holistic perspective recognizes the crucial role of ICT as a 
fundamental enabler for smart cities, but also emphasizes the process 
and outcomes of ICT-related innovations. The process of implementing 
ICT-related innovations is viewed as being grounded in participatory 
governance and open innovation, and should consider the unique 
characteristics of each city [24]. It is stressed that ICT-related in-
novations are designed to meet local development needs, be they of a 
social, economic or environmental nature [28]. 
In the present research, we adopt a holistic perspective in which 
smart cities are viewed as places that strive to become smarter in the 
sense of making themselves more efficient, livable, equitable and sus-
tainable [28] by focusing on the utilization of ICT within an accessible, 
integrated infrastructure [29]. A smart city is therefore understood as an 
aspiration/ambition [30], instead of in its current stage of maturity. 
Nam and Pardo [30] argued that when a smart city is viewed in terms of 
intentions/ambition, the label smart city represents urban innovation, 
which refers not just new ideas but new practices. 
A limitation of the concept of smart cities is that it is not entirely 
clear what smart city innovation means. A related concept, digital 
transformation, has been proposed as a succinct and inspirational 
statement about what smart cities need to implement. This concept 
conveys that change in cities should be radical (transformative) and 
leveraged by digital technologies [31]. The word “transformation” em-
phasizes that the traditional transition from analog to digital processes 
must evolve toward a more holistic transformative approach of digital 
government [32]. Gong and Ribiere ([33]; p. 10) define digital trans-
formation as “a fundamental change process enabled by digital tech-
nologies that aims to bring radical improvement and innovation to an 
entity [e.g., an organization, a business network, an industry, or society] 
to create value for its stakeholders by strategically leveraging its key 
resources and capabilities.” This definition involves two key aspects: 
digital technologies and significant changes. 
When focusing on governments, the digital transformation of cities is 
understood as the use of new digital technologies that enable major 
governance improvements and influence all aspects of citizens’ lives 
[34]. While Reis et al. [34] use the term “government,” we use the term 
“governance” to emphasize that digital transformation includes the 
networking of actors, such as providers, local businesses and citizens. It 
also includes the exchange of data and the analysis and conversion of 
that data into actionable information used to evaluate alternative op-
tions, make decisions and initiate activities [35]. 
Holistic perspectives also prevail in recent discussions of the digital 
transformation of governments. Mergel, Edelmann and Haug (2019, p. 
12) define digital transformation as “a holistic effort to revise core 
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processes and services of government beyond the traditional digitization 
efforts. It evolves along a continuum of transition from analog to digital 
to a full stack review of policies, current processes, and user needs and 
results in a complete revision of the existing and the creation of new 
digital services.” They view digital transformation as more compre-
hensive than the mere digitization of processes and services, involving 
cultural, organizational and relational changes. 
Similarly, Schot and Steinmueller [36] suggest that digital trans-
formation involves socio-technical system transformation, which is very 
different from simply developing new radical technological solutions. 
For instance, more sustainable mobility in cities requires the confluence 
of ICT-related innovation (e.g., companies dedicated to the provision of 
mobility services using ICT capabilities), other technological de-
velopments (e.g., more durable electric car batteries), government pol-
icies (e.g., promoting charging points for electric vehicles) and cultural 
changes (e.g., car sharing vs. car ownership, reduction of mobility). 
They argue that socio-technical system transformation is about discon-
tinuous change in all elements of the configuration (i.e., skills, in-
frastructures, industry structures, products, regulations, user 
preferences and cultural predilections), which makes system transitions 
difficult. It involves social innovation, since the focus is on many social 
elements and their relations with technological opportunities. 
We believe that a holistic perspective of both smart cities and digital 
transformation could be guiding the strategies and activities of public 
managers in Spain for two reasons. The first reason has an evolutionary 
character. From the mid-2000s, many governments in Spain embraced 
Local Agenda 21 (Rio Declaration on Environment and Development, 
United Nations, 1992) as an overarching perspective for urban devel-
opment planning. This approach focused on participatory governance as 
a method of dealing with sustainability challenges, which were under-
stood in a broad sense as involving the integration of economic, envi-
ronmental and social issues. In the last decade, the label Local Agenda 
21 (LA21) has been virtually abandoned, and the smart city label has 
emerged. Some networks of cities have been created to progress 
collaboratively toward realizing the smart city vision (e.g., RECI, 
INNPULSO). However, the view of urban management as participatory 
and multidimensional, which is embedded in the LA21 proposal, could 
remain under the smart city label. 
The second reason involves the policies proposed by higher-tiers of 
government, which tend to have a crucial effect on the strategies and 
actuations of urban public managers as they provide both guidance/ 
legitimacy and financial support [37]. In particular, funding from the 
European Union (EU) is essential in supporting many smart city initia-
tives in Spain both directly (direct calls) and indirectly (e.g., European 
structural funds that are managed by the Spanish central and regional 
governments) [38]. The EU has taken on a holistic perspective of digital 
transformation. 
In 2020, the EU proposed the “Strategy on Shaping Europe’s Digital 
Future,” which is the overarching framework for the European digital 
strategy [39]. In 2021, this framework was extended to take into ac-
count “the enormous changes brought by the coronavirus pandemic, 
which has massively accelerated the use of digital tools, demonstrating 
their opportunities while exposing the vulnerability of our society to 
new digital inequalities.” [40]. Specifically, on March 9, 2021, the 2030 
Digital Compass was launched by the [41]. In it, the Commission laid out 
a vision for the digital transformation of Europe’s economy and society 
by the end of the decade. Building on the 2030 Digital Compass, on 
September 15, 2021, the Commission introduced a governance frame-
work to reach the digital targets in the form of a “Path to the Digital 
Decade” [42]. 
From a holistic perspective, ICT is a crucial component of digital 
transformation but not the only one. Accordingly, this study considers 
attitudes toward ICT and other components of digital transformation 
that have proved relevant during the pandemic. These components 
could be present in public managers’ minds and could affect their de-
cisions. For instance, if attitudes toward ICT are found to have improved 
but not as significantly as attitudes toward privacy or climate change, 
this may suggest that public managers will not necessarily prioritize ICT- 
related investments in the future. 
2.2. Attitudes and attitude changes 
This research studies changes in attitudes. Bohner and Dickel (2011, 
p. 392) define attitude as “an evaluation of an object of thought,” where 
“attitude objects comprise anything a person may hold in mind, ranging 
from the mundane to the abstract, including things, people, groups, and 
ideas.” Albarracin and Shavitt [43] define attitude change as a move-
ment from one evaluative category to another (e.g., favor to higher favor 
or disfavor). This movement may occur whenever people process in-
formation with the result of forming an evaluation of an object of 
thought [44]. 
Attitudes guide information processing and influence behavior. From 
the very beginning, Allport [45] suggested that attitudes determine 
what people see, hear, think, and do and provide a method “for finding 
our way about in an ambiguous universe” (p. 806). Empirical research 
tends to confirm that attitudes predict different types or aspects of 
behavior (for a review, see Ref. [46]. 
Conceptualizations of attitude differ in the extent to which they 
describe attitudes as being dynamic and constructed gradually or stored 
in memory [44]. For instance, Visser and Mirabile [47] view attitudes as 
an array of summary evaluations stored in memory. Contrarily, Conrey 
and Smith [48] suggest that attitudes are time-dependent evaluations 
rather than static things that are stored in memory. When attitudes are 
viewed as a fixed evaluation and stored permanently in memory for 
retrieval when needed, attitude change is difficult to explain. When 
attitudes are viewed as constructs based on temporary considerations, 
such as a person’s mood at a specific time, they are a permanently 
changing and enigmatic entity. Attitudes are likely partly memory-based 
and partly constructed on the fly [43]. 
Recent perspectives on attitudes and attitude change tend to adopt a 
holistic perspective in which attitudes form and change due to interre-
lated factors that operate on three levels: personal, social, and socio-
historical [43]. Firstly, on a personal level, individual values, goals, and 
emotions influence attitudes and attitude change as they evolve. Sec-
ondly, on a social relationships level, culture, membership and reference 
groups, social media, and persuasive messages affect attitudes [49]. 
Lastly, unique events that occur in a sociohistorical context, including 
economic, sociopolitical, climatic, and health-related occurrences, affect 
attitudes and attitude change. As suggested by Bohner and Dickel [44]; 
the holistic perspective combines the strengths of static and 
dynamic/context-dependent approaches to consider both stable and 
situationally variable aspects of attitudes. 
This research aims to improve our understanding of how the socio-
historical level affects attitude change by studying the effect of a unique 
event, the COVID-19 pandemic, on public managers’ attitudes toward 
the digital transformation of cities. Several recent studies have demon-
strated that unique and historic events influence attitudes. Roos et al. 
[50] found that the election of Barack Obama to the US presidency (i.e., 
a person of color (POC) occupying a high-status position) positively 
affected attitudes toward POC in the US. Milojev et al. [51] found that 
the 2007–2008 global financial crisis affected political attitudes in New 
Zealand. Other researchers [52,53] have demonstrated the significant 
effects of hurricanes (and other naturalistic events) on political and 
social attitudes. However, empirical studies on the effect of changes that 
occur at the sociohistorical level on attitudes are relatively scarce [43]. 
2.3. Information and communication technology and the COVID-19 
pandemic 
In most countries, the pandemic has led to long periods of lockdown, 
the radical reduction of human contact outside the immediate family, 
and the popularization of the term “social distance” [1]. It has imposed a 
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sudden shift from face-to-face and analog interactions to the digital 
sphere. Some examples include a significant increase in food delivery 
and the use of e-commerce retailers, social media, and remote working 
platforms [11,12]. This shift has been facilitated by digital technologies 
[54,55], which have also helped control the spread of the virus through 
the development of smartphone apps [5,56]. 
Global Internet protocol traffic, which is usually used as a proxy for 
data flow, grew up from about 100 gigabytes per second in 2002 to 
88,000 in early 2020. As the pandemic spread over the course of 2020, 
traffic generated by teleworking, videoconferencing, digital entertain-
ment and other applications increased, resulting in an estimated 
100,000 gigabytes of traffic per second [57]. Some satellite operators 
providing broadband connectivity in Europe and the Americas experi-
enced traffic growth of up to 70%, especially in remote and rural areas 
[58]. 
Recent studies have addressed the transformative potential of 
COVID-19 to normalize the use of digital technologies for most forms of 
human interaction, including education, work, friendship relationships, 
healthcare, entertainment and leisure, procurement, and cit-
izen–government interaction [10,54,59–61]. Barnes [10] suggests that 
COVID-19 has radically transformed many aspects of human life and 
global society, both now and for many years to come. 
Similarly, Dwivedi et al. [1] contend that the information systems 
sector is one of the key industries that has delivered real change and 
positively affected both industry and society during this crisis. They 
argue that without technology and the use of information systems, the 
pernicious effects of the virus would likely have been more pervasive, 
with deeper economic and social repercussions. However, they also 
recognize that the long-term, transformational impact of the accelerated 
migration to digital stemming from the pandemic is unknown. 
While the positive effects of the use of digital technologies during the 
pandemic seem to be indisputable, some difficulties and weaknesses 
have also been reported in the emergent literature on COVID-19. Carroll 
and Conboy [62] point out that organizations have been forced into an 
accelerated adoption of technology in an unprecedented and 
time-pressured manner, which has involved serious difficulties. Simi-
larly, Faraj, Renno, and Bhardwaj [12] suggest that factors such as 
insufficient infrastructure, lack of digital literacy, and interoperability 
limitations have hampered the digitalization of work processes. Fletcher 
and Griffiths [63] contend that less digitally mature organizations have 
particularly suffered during the lockdown. 
In the context of the pandemic, local governments, as service pro-
viders, have had to adopt new forms of remote working and provide 
public services using digital technologies (Agostino, Arnaboldi & Diaz 
Lema, 2021; [6,64,65]. The pandemic has forced local public managers 
to rely heavily on digital technologies to mitigate many of the pervasive 
societal impacts of the virus [6]. They have had to undertake a digital 
acceleration process and completely rethink their business models to 
make them less physical and more virtual [66]. For example, Agostino, 
Arnaboldi, and Diaz Lema (2021) describe how Italian museums have 
had to reinvent themselves to deliver online services through social 
media. Some experiences have failed due to a lack of knowledge and 
have had to be redirected. Initially, several museum directors focused on 
educating users and enlightening them about the past, what they un-
derstood to be the museums’ mission. Later, they observed that the level 
of citizen engagement was low and realized that they had neglected their 
role as a source of entertainment. Some museum directors did not want 
to use platforms, such as Zoom, Microsoft Teams, or Google Meet, as 
these risked downgrading the quality of artwork visualization. However, 
as people, universities and schools had all begun using these platforms, 
many museums adopted them. 
According to the OECD [6]; digital acceleration has occurred to 
ensure that service delivery remains uninterrupted despite crucial 
changes in the contextual conditions. Much of this activity has involved 
digitalizing public services. Digital identity and access to and sharing of 
data and notification systems have been part of this digital acceleration. 
Some of these aspects reflect an extension of activities that may have 
already been in place, whereas others represent a more significant shift. 
The OECD [6] reports several cases that show the shifting of services to 
online platforms and the creation of new services to respond to societal 
needs (e.g., moves to telehealth/online medical consultations; support-
ing public sector employees with remote working practices; providing 
schools with online resources and guidance to undertake distance 
learning and working with a range of actors to provide smartphones, 
tablets and Internet access to disadvantaged students; supporting small 
businesses in switching to e-commerce). 
Fortunately, many local governments in our research context, Spain, 
were immersed in smart city initiatives when the pandemic began [19]. 
This did not necessarily guarantee the quality of all digital trans-
formation processes at the municipal level. As suggested by previous 
research on smart cities, the process of digital transformation has been 
uneven, with many public managers completely convinced of the ne-
cessity of the digital transformation of cities and others adopting ICT and 
related technologies because it is fashionable and promoted by higher 
tiers of the government [67]. In general, however, when COVID-19 
began, governments were better prepared for digital acceleration than 
they would have been a few years earlier [6]. 
What has not yet been investigated is the extent to which the 
pandemic has influenced local public managers’ perceptions of the role 
of digital technologies in responding to city challenges and related 
pandemic-driven issues. It could be reasonably argued that previous 
ICT-related efforts by cities have laid the foundation for a positive 
response to the pandemic [6], which should lead to a positive change in 
public managers’ attitude toward ICT. However, obstacles and weak-
nesses found during the pandemic may also have negatively affected 
attitudes. 
Governments, like other organizations, have been forced into the 
accelerated introduction of technology, which has involved serious 
difficulties [12,62,68]. Added to these difficulties is the functional 
fragmentation of governments into specialized departments, which 
poses coordination challenges for government communication with the 
public through social media [69]. These obstacles might limit govern-
ments’ ability to completely digitalize their work, leading to discour-
agement and negative attitudes toward digital transformation. 
Anessi-Pessina et al. [70] suggest that the pandemic has been 
particularly demanding for public managers, remarking on the salience 
of their engagement with digital processes. Under normal circum-
stances, digitalization can rely on artificial intelligence algorithms that 
are capable of self-correcting and adjusting to normal changes in pat-
terns [71]. However, the rapidity, scope, and scale of the pandemic have 
highlighted the importance of both human expertise and the continued 
necessity for human intervention in highly digitalized processes [72]. 
Similarly, a lack of citizen engagement in smart city initiatives has been 
detected in previous research (e.g. Ref. [73]), which indicates that there 
are many challenges for public managers [70,74–76]. A significant 
amount of effort is, therefore, necessary, which could discourage poli-
cymakers and managers. 
In sum, we can expect that public managers’ awareness of ICT may 
rise due to the pandemic. However, we also have to recognize that some 
difficulties and challenges may have negatively affected. 
2.4. Other issues that have played a major role during the pandemic 
ICT has played a major role in people’s lives and government ac-
tivities during the pandemic. However, other related issues have also 
occupied the minds of public managers and the general public. This 
research addresses changes in attitudes toward both ICT and other issues 
that have played a major role during the pandemic. These issues were 
chosen after a review of the emerging literature on the impact of COVID- 
19 in our lives (e.g., Refs. [1,13–16,77]). While we focused on aspects 
related to ICT, we also paid attention to social and environmental as-
pects, which are inherent to the holistic perspectives of smart cities and 
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digital transformation. Governmental responses to the COVID-19 in the 
form of initiatives/actions and the redefinition of strategies were also 
analyzed [6,39–42]. Considering ICT in comparative terms allows us to 
understand the relative importance of changes in attitudes towards ICT. 
This approach is necessary because public resources are limited, and 
ICT-related investments may compete with other possible priorities. 
Specifically, we argue that he pandemic has led people to focus on 
not only the virus and its impact on people’s lives but also other threats 
that could affect global human health and well-being, particularly 
insufficient scientific progress, climate change, privacy, and lack of 
citizen-centricity in government decision-making [13–16,1577]. Below 
we justify our choice in more detail. 
Scientific progress. Cooper and Nagel [14] argue that the pandemic 
and the US’s failure to control it have a lot to do with an enduring and 
entrenched ethos of dismissing scientific knowledge in the country. The 
rapid dissemination of COVID-19 across the globe demonstrated that our 
knowledge was neither sufficient nor deployed quickly enough to avoid 
the epidemic. However, scientific progress based on collaborative efforts 
has been critical to the pandemic response [13]. According to OECD [6]; 
the pandemic has amply illustrated that innovation and previous in-
vestments in knowledge and technology are fundamental to a govern-
ment’s ability to respond to abrupt changes. Thus, we can expect that 
public managers’ awareness of science and scientific progress may rise 
due to the pandemic. 
Climate change. Cooper and Nagel [14] emphasize that the pandemic 
is related to inattention to sustainability issues. Approximately 
three-quarters of emerging human pathogens, including viral outbreaks 
like SARS-CoV-2, are transmitted from animals to humans [78]. The 
likelihood of such transmission increases when the natural habitats of 
animals are disrupted by deforestation and when humans and animals 
are brought into increasingly close contact in urban settings [79]. 
Cooper and Nagel [14] observed that US politicians devoted more 
attention to the environment after the start of the pandemic. 
From a different perspective, COVID-19 lockdowns have led to a 
number of temporary positive environmental side effects (reduced 
global emissions, cleaner air, less noise) [80]. While COVID-19 lock-
downs are unsustainable in the long term due to obvious social and 
economic drawbacks, they have illustrated that a more desirable, low 
carbon resilient future is possible. This raises the question of whether 
there are more sustainable ways of achieving these benefits in a more 
planned, more inclusive and less disruptive way [77]. Some cities have 
focused on climate change–related initiatives during the COVID-19 
crisis. The OECD [6] reports that Bristol decided to transform parts of 
its Old City into fully pedestrianized zones. Milan implemented a similar 
initiative to maintain the reduction in the city’s air pollution that 
accompanied lockdown measures by expanding cycling and walking 
spaces over roads. It is thus logical to conclude that public managers’ 
awareness of climate change may have increased due to the pandemic. 
Privacy. Some authors have stressed that the response to the COVID- 
19 pandemic has increased privacy concerns [16,81]. The shift to 
working remotely seems to have increased surveillance of the home 
[12]. Some companies collect data that are processed by algorithms that 
classify the activity of employees as productive or not, alerting managers 
when the latter occurs [82,83]. Another issue is the surveillance of 
people in public spaces. During the pandemic, some governments have 
started using smartphone location data to assess how citizens are 
complying with lockdown restrictions and to enforce these restrictions. 
As these apps collect precise location data, social interactions, and 
personal details stored on devices, they embody privacy risks [12,16, 
84]. Thus, we can expect that public managers’ awareness of privacy 
may rise due to the pandemic. 
Citizen participation/involvement. Similarly, the pandemic has also 
highlighted the importance of citizens playing an active role and their 
digital and non-digital involvement in the service cycle [6,70,85]. For 
instance, the pandemic has created the need for new services for 
vulnerable people (e.g., those living in rural spaces, the elderly, and the 
unemployed), with many community groups working with local gov-
ernments to implement these services quickly. These might provide 
shopping assistance for elderly people or remote companies to those 
living alone. Some governments have relied on open calls or dedicated 
programs to seek solutions to identified problems raised by the 
pandemic. For example, in Italy, “Innova per l’Italia” was a call by the 
government to companies, universities, public and private research 
centers, associations, co-operatives, consortia, foundations and in-
stitutes to increase the production of personal protective equipment [6]. 
There has also been a growing emphasis on the idea that no one should 
be excluded from the benefits of economic and technological progress 
[86]. While the concept of digital divide is not new [87], it has been 
argued that shifts to digitalization, as in the case of telehealth, have 
increased the digital divide and left marginalized populations with even 
more limited access to crucial services [2,12,88]. Thus, we can expect 
that public managers’ awareness of citizen participation may rise due to 
the pandemic. 
The issues considered above are present in the EU digital strategy, 
which has been influenced by the pandemic [39–42]. Reducing the gap 
between the EU and global leaders in R&D investment and achieving 
climate neutrality are major priorities. Technology is expected to 
improve the daily lives of every European citizen (e.g., all key public 
services should be available online in 2030, and all citizens will have 
access to their e-medical records) and simultaneously improve busi-
nesses (e.g., three out of four companies will likely employ cloud 
computing services, big data, and artificial intelligence) and the planet 
(e.g., climate neutrality). Privacy is also a major concern. It is recognized 
that the benefits of digital solutions to our lives are coupled with risks 
and costs (e.g., control over personal data, malicious cyberactivity that 
threaten our personal well-being or disrupt our critical infrastructures). 
The strategy also stresses stakeholder participation. 
3. Method and data 
3.1. Research context 
This research measures changes in the attitudes of public managers 
toward the digital transformation of cities as a consequence of the 
COVID-19 pandemic. Our research context is that of policymakers and 
public managers who actively participated in smart city initiatives in 
different municipalities in Spain. 
In Spain, a complete lockdown was established between March 14, 
2020, and April 28, 2020. People had to remain at home except for 
specific essential reasons, such as acquiring food or medicine, going to 
work (when strictly necessary), or attending emergencies. The re-
strictions also included the closure of non-essential retailers, such as 
bars, restaurants, discos, coffee shops, and cinemas. On April 28, the 
Easing of Lockdown Plan for Spain was declared, consisting of four 
phases in which confinement limitations were gradually removed. 
However, on October 25, 2020, the Council of Ministers again estab-
lished a “state of alarm” (although this time with less stringent mea-
sures), which included a curfew from 23:00 to 6:00, the prohibition of 
travel between provinces and regions, and the limitation of gatherings to 
up to six people who do not live together. 
3.2. Methodological approach and data collection 
One strength of this study is its use of implicit measures of attitude 
change, determined by comparing responses provided before and after 
the COVID-19 outbreak. This option was possible because, incidentally, 
in the last months of 2019 (i.e., before the pandemic), we conducted a 
study on smart city initiatives in Spain. One hundred and forty-three 
public managers participated in this first study. These respondents 
were selected because they were highly knowledgeable about a specific 
smart city initiative that had been implemented in their cities. 
To identify these experts, we first identified two networks in cities 
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whose specific purpose was to work collaboratively to achieve the smart 
city ambition: RECI (Spanish Network of Smart Cities) and INNPULSO 
(an acronym meaning “boosting innovation” in Spanish). RECI was 
composed of 81 municipalities and INNPULSO of 72. We achieved a 
formal agreement with the former network and an informal agreement 
with the latter. Network orchestrators promoted the questionnaire 
among their members. An email was sent to the town council, which 
included a link to an online questionnaire. Follow-up phone calls were 
conducted (up to three times if a response was not received). This pro-
cess yielded 97 complete responses. We also searched for additional 
evidence of interest in smart cities beyond networks, such as munici-
palities participating in events and initiatives linked to ICT-enabled 
innovation, or describing themselves on their websites as being inter-
ested in developing and implementing smart city initiatives. This pro-
cess yielded 46 complete responses. 
To avoid ambiguity, the questionnaire referred to a specific inno-
vation project chosen by the respondent. The first part of the question-
naire stated, “Please choose a recent (and completed) service innovation 
project in which you were strongly involved and respond to all the 
questions in this questionnaire while thinking about the project you 
have chosen.” The questionnaire also asked for a brief, open description 
of the project. Some of the projects described by the participants were as 
follows: 
- Safe school routes. After a detailed study with the help of a univer-
sity, the concept of a “safe route” was defined. Sidewalks, pavement, 
lighting, bridges, shops, and so forth were assessed. A survey was 
carried out with parent representatives and school students to learn 
about their mobility preferences. Vertical and horizontal signs, 
changes to urban furniture, three smart pedestrian crossings, and 3D 
crossings were designed. We are going to buy Bluetooth wristbands 
for students, sensors, and software so that parents know when their 
children arrive at school.  
- Participatory aging. The project ensures the inclusion of the elderly 
in the use of digital public services through the development of 
services that are accessible through mobile phones based on open 
data from the town council. This project encourages the elderly to 
access citizen participation, age actively, and get involved in their 
communities.  
- Citizen security app. This is an app that brings the local police service 
closer to citizens and groups (commerce, vulnerable groups) bidi-
rectionally (local police to citizens and vice versa). This is a free 
public alert service. 
In July 2020 (i.e., five months after the lockdown), we conducted a 
second survey to assess changes in public managers’ attitudes towards 
digital transformation. The questionnaire was structured as follows. 
First, we reminded public managers that they had participated in a 
research project a few months prior and asked them to answer some 
additional questions. Second, we reminded them that they had provided 
us with answers about a specific smart city initiative and reminded them 
of the specific name they gave the initiative. Finally, we asked them 
about their degree of agreement with two statements referring to the 
smart city initiative and, subsequently, five statements referring to how 
their attitudes had changed since the pandemic. The first two statements 
were previously introduced in the first questionnaire (among many 
other questions). We expected that, after so much time had passed since 
the first survey, busy public managers might not notice the repetition of 
the questions. No participant indicated that they noted that the ques-
tions were repeated. The questionnaire yielded 63 complete responses 
(response rate = 44.05%). 
The profile of the respondents was not significantly different in the 
first and second questionnaires. Participants reported various profes-
sional roles, including chief innovation officer, ICT coordinator, head of 
transparency and the open government group, chief business develop-
ment officer, and chief strategic projects officer. 
We did not have to use an artificial experimental setting for our 
purposes. The COVID-19 pandemic is a natural phenomenon that has 
radically reframed traditional ways of working, socializing, shopping, 
and providing and receiving services. The pandemic has, therefore, 
acted as a natural breaching experiment that has brought ICT and digital 
transformation to the fore [12]. 
3.3. Measurements 
Attitudes and attitude changes may be measured explicitly or 
implicitly. Explicit measures are the most traditional measures of atti-
tude and attitude change. They consist of self-report scales that directly 
ask a participant to assess an attitude object by providing a numeric 
response on single or multiple items [89,90]. While self-report scales of 
attitude have been broadly used and have proven very useful [91–93], 
they have some weaknesses. In particular, people may try to hide their 
attitudes in order to present themselves positively, and attitudes may not 
be open to introspective access [94]. Implicit measures try to overcome 
the limitations attached to explicit measures. While participants may 
respond to a survey or perform a task that permits them to infer their 
attitudes or attitude changes, they are unaware of how their responses 
will be used to measure attitudes. 
Implicit measures of attitude have been mostly used in socially 
sensitive contexts, such as discussions of race [95]. As people may be 
reluctant to respond honestly to direct questions referring to their racial 
attitudes (e.g., “Do you like European Americans more than African 
Americans?“), implicit measures have been developed. For instance, in 
the Race Attitude Implicit Association Test, a subtle task is performed by 
respondents to discover if they associate positive words more quickly 
(unconsciously) with European Americans than with African Americans 
[96]. Implicit measures of attitude are also useful in providing access to 
unconscious mental associations that are difficult to assess with direct, 
self-report measures. While self-report (explicit) measures reflect 
conscious attitudes, indirectly assessed (implicit) evaluations may pro-
vide access to unconscious attitudes [97]. However, implicit measures of 
attitude have been accused of being artificial and of not providing the 
true measure of attitude [98]. 
The distinction between implicit and explicit measures originally 
gave rise to a debate about which measure reflects a person’s true atti-
tude [98]. Current thinking treats implicit and explicit measures as 
complementary rather than as competitors [99]. Explicit measures of 
attitude are expected to be predictive of the behavior when resources 
used for cognitive control are high, whereas implicit measures are ex-
pected to be predictive when these resources are low (e.g., time con-
straints, competing cognitive demands) [99]. Consequently, this study 
used both explicit and implicit measures of attitude change. 
Specifically, explicit measures referred to five aspects explained in 
the previous sections: ICT, scientific progress, climate change, privacy, 
and citizen participation. Measures aimed to measure how much the 
importance that the participants attached to these issues had increased 
as a result of the pandemic [100]. Public managers were asked to rate 
how much they agreed or disagreed with statements on an 11-point 
scale, with 0 indicating strong disagreement and 10 indicating strong 
agreement. The specific statements included in the questionnaire 
included the following: 
The COVID-19 has made me give more importance to …   
- ICT (encoded as ICT)  
- Science and scientific progress (encoded as science)  
- Climate change mitigation and adaptation (encoded as climate)  
- Privacy (encoded as privacy)  
- Citizen participation (encoded as citizen) 
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The implicit measure of attitude was computed as the difference 
between the degree of agreement perceived pre- and post-COVID-19, 
based on two statements that referred to the extent to which the focal 
smart city initiative chosen by participants in the first study had helped 
to respond to the economic, environmental, and societal goals and 
challenges of the municipality. A scale from 0 to 10 was also used. The 
specific statements included in the questionnaire were as follows:  
- The implementation of this smart city initiative helps the municipality 
meet economic, social, and environmental goals that go beyond im-
provements in costs and quality of service (encoded as goals).  
- The implementation of this smart city initiative helps the municipality 
move toward meeting the main economic, social and environmental 
challenges (encoded as challenges). 
4. Findings 
4.1. Explicit measures of attitude change 
All statistical analyses were performed using STATA 16 (StataCorp 
LLC). Descriptive data for explicit measures of attitude change are re-
ported in Table 1. 
Overall, our respondents indicated that COVID-19 had largely 
affected their awareness of the importance of the factors considered, 
with results ranging from 6.777 for privacy to 8.777 for ICT. Privacy is 
an increasing concern for public managers. It seemed, however, to be 
less prominent when compared to the benefits offered by ICT. 
As many respondents provided relatively high scores (above 5) for 
attitude change measures, the Shapiro-Wilk Test, and the Skewness and 
Kurtosis Test indicated that most of our data were not normally 
distributed and required nonparametric analyses. Both tests yielded a p- 
value of 0.000 for ICT, science, climate change and citizen participation. 
As an exception, the tests did not yield sufficient evidence to say that 
privacy is non-normally distributed (p = 0.1447 for the Shapiro-Wilk 
Test, and p = 0.1874 for the Skewness and Kurtosis Test). Conse-
quently, Spearman’s rank-order correlations were used to analyze the 
data, instead of the more usual Pearson product-moment correlations. 
Spearman’s correlations for the explicit measures of attitude change are 
reported in Table 2. Correlations ranged from 0.0645 (for science- 
climate) to 0.7509 (for ICT-science). 
Due to non-normality, scores for the explicit measures of attitude 
change were compared using the nonparametric Wilcoxon signed rank- 
sum test. Results indicated that there was a significantly more prominent 
change in attitude toward ICT than in attitude toward climate (p =
0.000), citizen engagement (p = 0.000), and privacy (p = 0.000). Similar 
results were found when comparing changes in attitudes toward science 
and toward the environment (p = 0.000), citizen participation (p =
0.000), and privacy (p = 0.000). 
However, non-significant differences were found when comparing 
changes in attitude toward ICT and toward science (p = 0.2829). This 
result is interesting, as the item “science” implicitly involves elements 
that are crucial to the pandemic response (e.g., vaccine research), and 
respondents attached similar salience to ICT and science. It seems that 
participants tended to assimilate ICT and science, which seemed to work 
as a unique construct in public managers’ minds. The change in attitude 
towards climate was shown to be significantly different from the change 
in attitude towards privacy (p = 0.1277) and citizen participation (p =
0.7276). The change in attitude towards privacy was significantly lower 
than the change in attitude towards citizen participation (p = 0.0343). 
4.2. Implicit measures of attitude change 
The comparison of pre- and post-COVID-19 scores for the specific 
smart city initiative, which provided an implicit measure of attitude 
change, was performed using the Wilcoxon signed-rank test for paired 
data. The results, reported in Table 3, revealed a statistically significant 
difference between pre- and post-COVID-19 responses. Specifically, re-
spondents perceived that the smart city initiative contributed signifi-
cantly more to municipal goals (z = 3.108; p = 0.0025) and challenges 
(z = 3.528; p = 0.000) in the post-COVID-19 questionnaire. This leads to 
an effect size of 0.2627 for contribution to goals and 0.3118 for 
contribution to challenges, indicating a medium effect size [101]. 
4.3. Relationship between explicit and implicit measures of attitude 
change 
To study the relationship between explicit and implicit measures of 
attitude change, we first grouped the data. Data was reduced for con-
ceptual and practical reasons. A conceptual reason was that the items 
used in the questionnaire reflected broader conceptual categories in 
respondents’ minds. Two questions referred to science and technology 
aspects, and three to social concerns. A practical reason was the need to 
accommodate the analysis according to the relatively reduced number of 
observations. Non-normality in our data led us to use kernel regressions, 
which require higher sample sizes than OLS regressions [102]. 
We assessed the internal consistency of the measures created using 
Cronbach’s alpha [103]. Firstly, explicit measures of attitude change 
were grouped into two categories representing summative variables: 
technology and social. Items referring to ICT and science were grouped 
under “technology” (α = 0.9199). Items referring to energy transition, 
privacy, and citizen engagement were grouped under “social” (α =
0.8181). In this way, we measured the extent to which the pandemic had 
increased the importance that public managers place on technological 
vs. social issues. 
Table 1 
Explicit measures of attitude change.  
Item (more importance given to …) Obs. Mean Std. Dev. Min. Max 
ICT 63 8.777 1.689 0 10 
Science 63 8.650 1.705 0 10 
Climate 63 7.047 1.590 0 10 
Privacy 63 6.777 1.475 3 10 
Citizen 63 7.079 1.516 0 10 
Note: Obs. = Observations; Std. Dev. = Standard Deviation; Min. = Minimum; 
Max = Maximum. 
Table 2 
Spearman correlations between explicit measures of attitude change.   
ICT Science Climate Privacy Citizen 
ICT 1     
Science .7509* 1    
Climate .1571 .0645 1   
Privacy .2721* .2652* .3262* 1  
Citizen .1541 .1504 .4592* .3993* 1 
Notes: ICT = Information and Communication Technology; * Significant at 0.05 
level. 
Table 3 
Implicit measures of attitude change pre- and post-COVID-19.  
Item Obs. Mean Std. 
Dev. 
Min Max 
Contribution to goals (pre-COVID- 
19) 
63 7.634 2.127 1 10 
Contribution to challenges (pre- 
COVID-19) 
63 7.507 1.882 1 10 
Contribution to goals (post-COVID- 
19) 
63 8.333 1.402 3 10 
Contribution to challenges (post- 
COVID-19) 
63 8.317 1.412 2 10 
Note: Obs. = Observations; Std. Dev. = Standard Deviation; Min. = Minimum; 
Max = Maximum. 
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Secondly, the two implicit measures of attitude obtained before 
COVID-19 (i.e., goals and challenges) were synthetized to create a new 
variable: “pre-COVID-19 perceived contribution” (α = 0.8902). Simi-
larly, “post-COVID-19 perceived contribution” was created (α =
0.8636). Implicit attitude change was measured as the difference be-
tween both perceptions. Descriptive statistics of the composite measures 
of attitude change are reported in Table 4. 
Some supplementary control variables that could affect the link be-
tween explicit and implicit measures of attitude change were included in 
the questionnaire. Firstly, the level of usage and visibility of the smart 
city initiative during the pandemic was considered. It is likely that 
participants attached higher scores to smart city initiatives that had 
increased in use and visibility during the pandemic, as these had 
demonstrated their value to people [104]. This variable was measured 
by using two items:  
- During the pandemic, this service has been used more.  
- The pandemic has made this service more visible. 
Secondly, some variables representing the profile of the respondent 
and her/his municipality were considered: gender, professional experi-
ence (years), politician vs. technician, and population of the munici-
pality. Descriptive statistics for control variables are reported in Table 5. 
The response to use and visibility items was highly uneven, high-
lighting the fact that not all smart city initiatives had been more used 
and more visible during the pandemic. For instance, some smart ini-
tiatives aimed to improve the experience of visiting the center of the city 
had reduced its use and visibility during the pandemic (e.g., smart 
parking, smart bus stops). After confirming the internal consistency of 
both items (α = 0.9165) a new summated variable was created and 
encoded as “notoriety.” 
Spearman correlations between the new created variables are re-
ported in Table 6. Overall, they were weak, which indicated that there 
was not a strong relationship between the explicit and implicit measures 
of attitude change. A remarkable strong negative link between the im-
plicit measure of attitude change and the pre-COVID-19 score attached 
to the smart city initiative was found. It seems to be a rational finding as 
municipal managers that attached high pre-COVID-19 score had less 
margin to manifest their positive attitude change in the post-COVID-19 
questionnaire. 
To analyze all possible links between implicit and explicit measures 
of attitude change, we conducted a series of nonparametric kernel re-
gressions, with “implicit attitude change” as the outcome variable. Due 
to requirements of kernel regressions in terms of sample size, we 
introduced a maximum of three independent variables in each regres-
sion [102]. We used 500 bootstrap replications. Results are reported in 
Table 7. 
The model that best fit the data is model (5) (R-squared = 0.7720). In 
this model the contribution of the smart city initiative perceived pre- 
COVID-19 was shown to have a strong, negative and significant effect 
on implicit attitude change (β = − 0.5793; α = 0.004). Technology was 
shown to have a positive, significant influence on implicit attitude 
change (β = 0.3177; α = 0.043). Lastly, the professional experience of 
the local public manager was shown to have a positive, significant effect 
on implicit attitude change (β = − 0.0447; α = 0.016). 
5. Discussion 
The digital acceleration induced by the COVID-19 pandemic is an 
opportunity for scholars and practitioners to observe how the mindsets 
of public managers have changed over a short period and to speculate as 
to how these experiences might affect future policies. This study inves-
tigated the effect of an unprecedented, naturalistic event (i.e., the 
COVID-19 pandemic) on the attitudes of public managers toward ICT 
and related factors that have played a major role during the pandemic. 
Overall, our findings indicate that the pandemic has led public managers 
to be more confident in the capacity of ICT to help cities achieve their 
economic, social, and environmental goals and respond to challenges. 
Both explicit and implicit measures supported attitude change. 
Explicit measures of attitude indicated that the change in public man-
agers’ attitude toward ICT was greater than their change in attitude 
toward other social issues that have been important during the 
pandemic (e.g., climate change, privacy, and citizen participation). 
While the attitude of public managers toward these important issues 
changed positively during the pandemic, the degree of attitude change 
was lower than it was for ICT. Only the positive change in attitude to-
ward science and scientific progress was similar to the change in attitude 
toward ICT. 
We found that respondents strongly associated technology-related 
issues (i.e., ICT and scientific progress), and social issues (i.e., climate 
change, privacy, and citizen participation). Overall, the change in atti-
tude toward technology-related issues was greater than the change in 
attitude toward social issues, which is an interesting result. This finding 
suggests that the prominent role that technology has played in relieving 
the harmful effects of the pandemic was recognized by our respondents. 
We also found a significant link between implicit changes in attitude 
toward the focal smart city initiative and the explicit changes in attitude 
toward technology, and the professional experience of the respondent. 
Table 4 
Descriptive statistics of composite measures of attitude change.  
Variable Obs. Mean Std. 
Dev. 
Min Max 
Technology (quest. 2) 63 8.714 1.633 0 10 
Social (quest. 2) 63 6.968 1.308 1 10 
Pre-COVID-19 perceived 
contribution (quest. 1) 
63 7.571 1.906 1 10 
Post-COVID-19 perceived 
contribution (quest. 2) 
63 8.325 1.320 2.5 10 
Implicit attitude change 63 .7619 1.588 − 2 4.5 
Note: Quest. = questionnaire; Obs. = Observations; Std. Dev. = Standard De-
viation; Min. = Minimum; Max = Maximum. 
Table 5 
Descriptive statistics for control variables.  
Control variables Obs. Mean Std. Dev. Min. Max 
Use 63 5 3.565 0 10 
Visibility 63 5.365 3.409 0 10 
Gender (woman ¼ 1) 63 .396* .493 0 1 
Professional experience 
(years) 
63 21.015 9.098 1 42 
Politician/technician (pol. 
¼ 1) 
63 .174** .382 0 1 
Population 63 79,795 126,869 1186 791,413 
Note: Obs. = Observations; Std. Dev. = Standard Deviation; Min. = Minimum; 
Max = Maximum; Pol. = Politician; * 25 women; ** 11 politicians. 
Table 6 
Spearman correlations: composite measures of attitude change and control 










1     
Pre-contr. -.7698* 1    
Technology .0458 .0926 1   
Social -.0445 .0388 .1300 1  
Notoriety .0987 -.1075 -.1023 .3171* 1 
Note: Pre-contr. = Pre-COVID-19 perceived contribution; * Significant at 5% 
level. 
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This result is interesting as professional experience is highly correlated 
with age, and older people could be, in general, more skeptical toward 
the potential benefits of ICT-related innovation (e.g., Ref. [105]. Prob-
ably older people, who tend to be more reluctant to change, need to 
experience intensely the value that ICT may contribute, which has 
occurred during the pandemic. 
These findings have important implications for research and practice 
and provide avenues for further research. 
5.1. Implications for research 
This research contributes to ICT literature. There is some controversy 
regarding the possible influence of the pandemic on perceptions of ICT’s 
capacity to face societal challenges and its implications for the near 
future. Most researchers argue that ICT has been crucial to overcoming 
some of the pernicious effects of the pandemic, which should lead to 
more favorable attitudes toward ICT (e.g., Refs. [1,5]. However, some 
researchers have reported difficulties in accommodating the accelerated 
digitalization that has occurred during the pandemic, which could 
discourage public managers (e.g., Refs. [12,62]. This research provides 
systematic evidence of a favorable change in attitudes, showing that the 
positive implications of digital acceleration during the pandemic are 
dominant in public managers’ minds. 
Several contributions to the literature on attitude change are also 
provided. Firstly, the relationship between explicit and implicit attitude 
change has been shown to be controversial. Studies of attitude change 
that have used both explicit and implicit measures have produced mixed 
results [106–108]. Some studies have shown parallel variation in both 
metrics, whereas others have demonstrated explicit but not implicit 
attitude change, and vice versa. We contributed to this literature stream 
by providing evidence of a significant link between implicit changes in 
attitude toward the focal smart city initiative and explicit changes in 
attitude towards ICT and science. However, it should be noted that the 
link we found is weak and only marginally significant when the number 
of years of professional experience of the public administrator is not 
considered. 
In this study, we focus on the broad sociohistorical context and 
recognize the impact of historically significant events on attitudes, 
which may provide a more situated understanding of attitude formation 
and change. This research contributes to the paucity of studies on the 
influence of broad sociohistorical context on attitude change [50–53] 
and responds to the claim that more research in this area is necessary 
[43]. We found that a naturalistic event contributed to attitude change 
and yielded similar or slightly larger effect sizes to those previously 
found in meta-analyses of field experiments and real-world in-
terventions. Specifically, we found effect sizes of 0.26 and 0.31. In their 
meta-analyses, Kalinoski et al. [109]; Lemmer and Wagner [110]; and 
Steinmetz et al. [111] found effect sizes of 0.23, 0.28, and 0.24, 
respectively. However, much more research is required to achieve sup-
ported conclusions on the effect size of naturalistic events. 
To the best of our knowledge, no previous research has systemati-
cally studied the influence of the COVID-19 pandemic on public man-
agers’ attitudes toward ICT and the related topics we have considered. In 
a related work, Jamison and Wang [104] examined how the pandemic 
has affected consumer valuation of digital services. They compared 
consumer valuations pre-pandemic (2017–2018) and post-pandemic 
and found that valuations were five-times higher in 2020 than they 
were in 2017–2018. 
5.2. Implications for practice 
Some controversy exists regarding the attitudes of public managers 
towards digital transformation. Overall, ICT adoption in city govern-
ments is positively viewed as having an impact on organizations and 
communities [112] and involving more positive effects than negative 
effects or risks [113]. However, skepticism among public managers to-
wards some ICT-related advancements, such as big data [114] and 
artificial intelligence [115], has also been reported. Similarly, previous 
research in the context of smart cities indicates that public managers 
tend to see ICT as contributing fundamentally to efficiency [17,18], 
which may grant it a secondary role behind other strategies and actions 
that are supposed to contribute to the economic, social and environ-
mental goals and challenges of cities. Therefore, our finding that public 
managers are now more confident in the capacity of ICT to help cities 
achieve their goals and respond to challenges is particularly important. 
While recognizing that future behavior is hardly predictable, especially 
in erratic times [116], attitudes have generally proven to be an ante-
cedent of behavior [46]. Our findings seem to indicate that ICT-related 
efforts during the pandemic could be maintained and reinforced in the 
future. 
One of the difficulties encountered in the processes of digital trans-
formation of cities has been the lack of leadership within city councils 
and the lack of motivation of public managers and officials (e.g., 
Ref. [117]. The attitude change generated by COVID-19 could increase 
municipal leaders’ engagement with digital transformation and public 
managers’ and officials’ willingness to follow leaders’ guidance. This 
increased motivation of government employees could make city leaders 
feel more supported and encourage them to implement more ambitious 
smart city strategies. 
5.3. Limitations and further research 
Our data are strengthened by the fact that they were collected prior 
to and following an unprecedented event: the COVID-19 pandemic. We 
are aware that our research design cannot control for possible extra-
neous or confounding variables (i.e., variables other than COVID-19 that 
could bias our results). As in previous studies on the influence of so-
ciohistorical events (see, e.g. Ref. [50], we acknowledge that our study 
does not allow us to establish an irrefutable causal link between the 
intervening real-world event (the COVID-19 pandemic) and the 
Table 7 
Determinants of implicit attitude change toward technology: Results of nonparametric kernel regressions.  
Model (1) (2) (3) (4) (5) (6) (7) (8) 
coef. (p-value) coef. (p-value) coef. (p-value) coef. (p-value) coef. (p-value) coef. (p-value) coef. (p-value) coef. (p-value) 
Pre-contr. -.6880 (.000)** -.7375 (.000)** -.7300 (.000)** -.6705 (.000)** -.5793 (.004)** -.6978 (.000)** -.7287 (.000)* − 6921 (.000)** 
Tech.  .2846 (.058)* .1998 (.162) .2566 (.065)* .3177 (.043)** .2684 (.058)* .2248 (.104) .3785 (.058)* 
Social   .089 (.960)      
Gender    .0897 (.748)     
Exper.     .0447 (.016)**    
Politician      -.6882 (.017)**   
Popul. (log.)       -.0458 (.612)  
Notoriety        .1183 (.078)* 
R2 .6259 .6773 .7251 .6940 .7720 .7087 .6891 .7324 
Note: Pre-contr. = Pre-COVID-19 perceived contribution; Tech. = Technology; Exper. = Professional experience (years); Popul. (log.) = logarithm of population; * 
Significant at 5% level; ** Significant at 10% level. 
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attitudes measured through the two questionnaires. However, we can 
reasonably argue that our findings are mostly driven by the fact that 
COVID-19 has had an unprecedented influence on the use of ICT at all 
societal levels. Furthermore, the use of two types of attitude change 
measures (explicit and implicit), which show consistent results, serves to 
alleviate this limitation. 
This study sought responses to three research questions from a spe-
cific sample in a specific setting: Spanish public managers involved in 
smart city initiatives (i.e., Spanish public managers involved in other 
areas, such as accounting or human resources, are not represented). As 
suggested by Lee and Baskerville [118]; we cannot argue that our results 
are generalizable to other settings in which they have not been empir-
ically tested and confirmed (e.g., all public managers in Spain or public 
managers involved in smart city initiatives in other countries). Another 
weakness of this research is its limited sample size. Larger sample sizes 
favor the generalizability of the sample points to the sample estimate 
[118]. 
Despite these limitations, our study adds evidence to an emergent 
body of research that suggests that the COVID-19 pandemic has led to a 
more favorable attitude of public managers (and the general public) 
toward ICT. In this way, our study contributes to the development of 
theory [118]. We see this research as a first attempt to systematically 
measure the change in public managers’ attitudes toward ICT as a result 
of the COVID-19 pandemic. Further studies could be conducted in other 
settings to confirm or disprove our findings. 
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